ABSTRACT: Increasing awareness of the ecological and economic problems caused by marine introductions has brought calls for the development of predictive models of their impacts on other species. We examined the effects of an introduced marine polychaete, Sabella spallanzanii (Gmelin, 1791), on the development of subtidal marine epifaunal assemblages. As an invader of hard subtidal substrata, S. spallanzanii alters the structure of the habitat by forming a canopy of filamentous feeding structures suspended above the substratum on long, slender tubes. As resident species (including S. spallanzanii) can strongly affect the recruitment of sessile taxa into these assemblages, we predicted that one of the effects of this introduction would be to change the relative abundances of understorey species and hence the assemblage structure. In this study we aimed to determine whether the effects of S. spallanzanii on sessile assemblages would be apparent after periods of 2 or 6 mo, and to evaluate the mechanisms underlying any of such observed effects. Further experiments on individual taxa were done to assess the influence of this exotic species on growth rate and mortality of sessile invertebrates as possible reasons for observed effects. The abundances of 9 taxa were affected by the presence of S. spallanzanii after 10 wk of assemblage development on cleared and canopy-covered areas. Multivariate analyses showed that assemblages beneath canopies were significantly different from those outside canopies. After 6 mo, however, there were few differences between canopy-covered and cleared areas, and assemblages did not differ. We found little evidence that S. spallanzanii canopies could affect already established assemblages. There were significant effects of the S. spallanzanii canopy on survival and growth rates of epifaunal taxa, although the results were not consistent among experiments, suggesting temporal variability in the processes that cause such changes. There are several implications of these results for the assessment of the impacts of exotic species, including the appropriate choice of timescale over which to conduct experiments and the generality of such experiments.
INTRODUCTION
The problem of marine introductions has received considerable attention in recent years (Carlton 1989 , Carlton & Geller 1993 . Such introductions can cause major ecological change, which is sometimes accompanied by substantial economic costs (Williamson 1996) . Species introductions have also been cited as the second largest threat to global biodiversity, after habitat conversion (Simberloff 2000) . Marine introductions are poorly understood in comparison to their terrestrial counterparts. There is therefore an urgent need to understand various aspects of marine species introductions, such as mechanisms of introduction, the apparent susceptibility of particular areas to invasion, why some species become invasive and what the potential impacts of particular species may be (Williamson 1999) . In order to understand and make predictions about the ecological impacts of biological invasions, we need to understand the mechanisms by which changes are brought about.
There are 2 prerequisites to gaining a predictive understanding of the mechanisms underlying the ecological effects of invasions. First, one must have a reasonable understanding of the processes that structure the particular assemblage of interest. Second, it is necessary to understand how introduced species interact with or modify those processes. It is important to understand the effects of exotic species in the context of entire assemblages of organisms that are invaded. Exotic species affect local assemblages by a range of mechanisms, including competition, predation, habitat modification, parasitism, provision of new prey, or as pathogens (Crooks 1998 , Ruiz et al. 1999 , Byers 2000 . Some species may cause changes by multiple mechanisms (e.g. the European crab Carcinus maenas: Cohen et al. 1995) .
Sessile epifaunal assemblages have been the subject of many studies of the processes that structure them (e.g. McDougal 1943 , Osman 1977 , Sutherland & Karlson 1977 , Keough & Butler 1979 , Kay & Keough 1981 , Keough 1984a ,b, Anderson & Underwood 1994 , Osman & Whitlatch 1995a ,b, Brown & Swearingen 1998 , Butler & Connolly 1999 , Glasby 2000 . Therefore the processes structuring these assemblages are probably as well understood as those of any ecological assemblage. In a previous study we showed that the canopy formed by the feeding fans of the introduced sabellid polychaete Sabella spallanzanii (Gmelin, 1791) strongly affects the recruitment of sessile invertebrates over a period of 2 wk (Holloway & Keough 2002) . This is consistent with a number of studies that have shown the effects of residents on settlement and recruitment of epifauna (Sutherland & Karlson 1977 , Breitburg 1985 , Bros 1987 , Bertness 1989 , Osman et al. 1989 , Duggins et al. 1990 , Osman & Whitlatch 1995a , but see Keough 1998) .
However, patterns of species abundances formed by recruitment in the first few weeks of assemblage development may or may not persist in the longer term. Patterns of relative abundance may persist when assemblages are recruitment-limited and densities of individuals are so low that competition does not occur (Keough 1984b , Connell 1985 . Patterns may also persist if early recruits are competitively superior and hold the available space against later arrivals (e.g. Sutherland & Karlson 1977) . Alternatively, initial patterns of recruitment may be modified or completely obliterated by various post-recruitment processes such as competitive interactions, mortality of short-lived early colonists over longer time periods, or predation, leaving no trace of the original pattern (e.g. Dean 1981 , Kay & Keough 1981 .
Competition for space is an important process that structures epifaunal assemblages post-recruitment (Jackson 1977 , 1979 , Osman 1977 , Sutherland & Karlson 1977 , Russ 1980 , Kay & Keough 1981 . Encrusting organisms such as colonial ascidians, bryozoans and sponges are often superior competitors for space due to their capacity for indeterminate growth, which allows them to overgrow and kill other species (Jackson 1977 , Kay & Keough 1981 , Keough 1984a . So, although they may be less abundant early in assemblage development, these species may come to dominate the assemblage over time through overgrowth of less competitive taxa. Some species may become dominant because of their ability to invade established assemblages, and to escape from competition by rapid vertical growth (Jackson 1977) . Sabella spallanzanii is one of these species, and reaches very high densities without occupying much space on the substratum. Direct effects of S. spallanzanii are therefore unlikely, but this species may indirectly affect competitive interactions among understorey taxa.
Indirect effects on post-recruitment processes may be caused by modification of the physical structure of the habitat by residents. Complex habitat structure may modify the effects of predators (Russ 1980) . Canopy-forming species like macro-algae or seagrass may cause physical changes such as shading or reduction of flow to the habitat (Eckman et al. 1989 , Gambi et al. 1990 ). Changes to small-scale hydrodynamic regimes may also be caused by biological activities such as suspension feeding in the case of sessile invertebrates (André & Rosenberg 1991 , Ahn et al. 1993 , André et al. 1993 ). Changes to flow may have a range of effects on suspension feeding, food availability, sedimentation rate and effects of the supply of larvae to the substratum. All of these factors could affect the recruitment and subsequent growth and survival of other organisms in these habitats (e.g. Okamura 1984 , Young & Chia 1984 , Eckman & Duggins 1991 , Wendt 1998 ). Such changed conditions may favour certain species over others by, for example, altering their relative growth rates or survivorship (Eckman & Duggins 1991) .
A number of studies have shown that suspension feeders living in dense aggregations grow more slowly than solitary individuals or colonies (Buss 1981 , Okamura 1992 , Dalby 1995 , Kim & Lasker 1997 . There is also some evidence for the in situ depletion of food resources caused by the feeding activities of corals, ascidian and bryozoan assemblages, sabellid poly-chaete aggregations and bivalves (Glynn 1973 , Buss & Jackson 1981 , Merz 1984 , Fréchette & Bourget 1985 . Thus dense aggregations of suspension feeders may have the ability to pre-empt suspended food resources before they can reach the substratum. Competition for food may cause changes in the growth, survival and competitive ability of sessile suspension feeders.
We have shown that Sabella spallanzanii affects the 2 wk recruitment patterns of sessile marine invertebrates in locations where it occurs in high densities (Holloway & Keough 2002) . In this paper we examine the effect of the introduced fanworm S. spallanzanii on sessile assemblages over time periods long enough for post-recruitment processes to influence assemblage structure. To understand how this exotic species will impact the sessile assemblage in the longer term, we examined: (1) whether patterns of difference beneath fanworm canopies are observed after 10 wk and 6 mo periods and, if so, what the underlying mechanisms are; (2) whether S. spallanzanii canopies can influence the composition and structure of already established assemblages. Canopies may affect the sessile assemblage by modifying survivorship and growth of individual taxa. We evaluated this potential mechanism by testing for effects of the canopy on survivorship and growth of 3 common epifaunal taxa.
MATERIALS AND METHODS
Study species. Sabella spallanzanii (Gmelin, 1791) has been translocated to several locations across southern Australia and throughout the world, outside its native range in the Mediterranean. Its amenity to translocation and ability to invade new areas make it an important species to study (Talman et al. 1999) . S. spallanzanii was first recorded in Australia in Port Phillip Bay in 1992 (Carey & Watson 1992) , but may have been present there since at least 1988 (Parry et al. 1996) . This large, sessile, tubiculous fanworm colonises both hard and soft subtidal substrata, forming dense beds (up to hundreds of ind. per m 2 ). The tubes can be up to 40 cm long and the diameter of the spiralled feeding fan reaches 10 to 15 cm. The tree-like morphology (sensu Jackson 1977) , with the feeding fan on top of the long, slender tube makes it unique among the marine fauna of southern Australia. The only other comparably large sabellid in the region, Sabellastarte indica, is shorter and does not occur in high densities. The density and morphology of Sabella spallanzanii result in the formation of a canopy of feeding fans at some distance from the substratum. In areas where it has invaded sessile epifaunal assemblages, S. spallanzanii occupies very little space on the substratum, which is inhabited by a range of common epifaunal taxa including solitary and colonial ascidians, barnacles, bryozoans and bivalves (Talman et al. 1999) .
Study sites. The experiments on assemblage development were done in a marina at Outer Harbour, near Adelaide, in South Australia. The marina opens to the northwest into a 600 m by 3.5 km artificial channel containing commercial shipping berths. A second breakwater, just inside the entrance of the marina, provides further protection from wave action. The marina was constructed from floating docks anchored to vertical concrete pilings, which were heavily colonised by Sabella spallanzanii at densities of around 250 m -2 . Other common taxa in the marina included the encrusting bryozoan Schizoporella sp., colonial ascidians such as Botrylloides perspicuus, and B. leachi, the solitary ascidian Ciona intestinalis, the barnacles Elminius modestus and Balanus variegatus, and serpulid and spirorbid polychaetes. The depth in the marina ranges from 3 to 6 m.
Experiments on the effect of Sabella spallanzanii canopies on growth of sessile understorey invertebrates were done at St Kilda Marina on the eastern side of Port Phillip Bay, near the centre of Melbourne. The marina is enclosed, with a depth of 1.5 to 2 m. It is connected by a narrow channel opening to the northwest, with an underground channel providing further water exchange to the south. The density of S. spallanzanii on floating docks in the marina was 311 ± 20 m -2 (mean ± SE). Other common sessile taxa were Ciona intestinalis, the small sponge Leucosolenia sp., the protist Microfolicullina sp., serpulids, spirorbids, and solitary and colonial ascidian species. Newly recruited understorey animals were collected at St Kilda marina, and at Breakwater Pier, Williamstown. Breakwater Pier is located at the northwestern corner of Port Phillip Bay, close to the centre of Melbourne (see Todd & Keough 1994 , Keough & Raimondi 1995 .
Assemblage development experiments. Two experiments were done at Outer Harbour (hereafter designated 'Assemblage Development Expts 1 and 2'). We had originally intended to conduct these experiments in Melbourne, but fluctuations in the Sabella spallanzanii population there made such longer-term experiments impossible. The experiments tested the hypothesis that S. spallanzanii canopies would cause differences in the abundance of sessile understorey taxa after periods of time considered sufficient for postsettlement interactions to take place. Each experiment consisted of 3 treatments applied to square 400 cm 2 PVC plates, which were used as surfaces for the attachment and development of sessile assemblages. The plates were attached to 1.2 × 0.2 m PVC tubing frames, which were in turn attached to vertical concrete pilings. Of these pilings, 6 had all fanworms removed, while on the other 6 the fanworms were left intact. One plate of each of treatment was attached to each piling in a partially nested or split-plot design. The treatment of cleared vs uncleared pilings tested for effects of the presence of worms on a larger spatial scale than that of the individual settlement plates. Treatments applied to settlement plates were used to test hypotheses about the underlying mechanisms of any effects. These plate-level treatments and their interpretations are described below.
Assemblage Development Expt 1 (10 wk experiment): This experiment was done in summer 1997. Plate level treatments consisted of: (1) 10 Sabella spallanzanii individuals of 9 mm diameter (density reflected that on surrounding structures) were attached to each plate; (2) 10 mimic fanworms were attached to each plate; (3) plates were bare.
Plate-level treatments were compared to determine whether effects were biological or physical in nature (we assumed that mimics provided identical structure to that of actual fanworms; details of their construction are given in the next paragraph). First, we compared mimics to real worms. If they were different, we concluded that there was a biological effect. In this case we went on to compare mimic and bare plates. If mimic and bare plates were different, we concluded that there was also an effect of physical structure. If the first comparison showed that mimics and worms were not different, we concluded that there was no biological effect, and then compared the mean of the mimic and worm plates with the bare plates. Any difference again indicated a physical effect, while no difference indicated that there was no effect of physical structure.
Sabella spallanzanii used in the experiment were collected from the vertical sides of floating docks adjacent to the experimental pilings less than 1 h before use, and were kept in containers of fresh seawater. Worms were cleaned of any epibiota by gently scraping the tubes and attached by passing the tubes through holes in the plates. Holes were sized so that the worms fitted snugly. After plates were attached to pilings, the worms quickly resumed feeding, forming a canopy 15 to 20 cm above the plate surfaces. After a few days of immersion, the worms had glued the bases of their tubes to the back of the plates. Mimic worms were constructed from clear PVC tubing and a 'crown' of jute twine (Kinnears Pty 'Original String', fibre obtained from plants of the family Tiliaceae) was glued in place at 1 end. The fibres of the twine unravelled when submerged to mimic the fine radioles of the fanworms. Mimics were passed through holes drilled into the plates and secured in position with cable ties.
Assemblage development Expt 2 (6 mo experiment): This experiment ran from the start of spring 1997 until the end of summer 1998. The plate treatments used in this experiment were: (1) 10 S. spallanzanii were attached to the plates at the start of the experiment (referred to as '6 mo plates'); (2) plates were left untreated for the first half of the experiment (3 mo), then 10 S. spallanzanii were attached to plates through pre-drilled holes after 3 mo immersion ('3 mo plates'); (3) plates were left untreated for the entire 6 mo ('bare plates').
To control for artefacts of handling during addition of fanworms at the 3 mo stage, plates of all treatments were removed from pilings and placed in containers of seawater; for 6 mo plates, the fanworms were removed and replaced with new individuals.
In this experiment, we were interested in whether the timing of the introduction of Sabella spallanzanii affected the abundance of sessile taxa. Planned comparisons looked first as the difference in density of sessile taxa between the 3 mo plates and the bare plates. If bare and 3 mo plates were different, we concluded that there was an effect of fanworms on the established assemblage, and no further comparison was done. If they were not different, we concluded that there was no effect of adding worms to an established assemblage and went on to compare the means of bare and 3 mo plates to that of the 6 mo plates. If these were different, we concluded that fanworms had an effect on the abundance but that this effect occurred in the first 3 mo. If there was no difference, we concluded that fanworms had no effect at either stage.
Sampling of settlement plates: After each experiment the plates were returned to the laboratory and kept in flowing seawater for a maximum of 7 d before counting. We placed a grid of 1 cm squares over each plate and counted the number of individuals in each of 52 squares with the aid of a dissecting microscope. A mat of filamentous algae and detritus formed during the 6 mo experiment, and this was sampled using the intersections of the grid. At each of 104 intersections we scored algal types as present or absent. Detritus attached to the algal filaments was scored in the same way. Each plate was photographed, and the photographs were later examined to determine the area occupied by larger individuals and colonies. Images of each plate were projected onto sheets of paper, and the outline of each colony was traced. These tracings were digitised using a flatbed scanner (Umax Pro Look), and the area of each colony was determined using image analysis software (Sigma Scan, Revision 2.0, Jandel Scientific 1995).
Statistical analysis: Inspection of box plots and residuals revealed that a log(x + 1) transformation improved the homogeneity of variances, and this was used for the entire data set. Results were analysed using analysis of variance (ANOVA), followed by 2 planned comparisons, which examined the effect of the plate treat-ments. Because there were very few interactions between plate and piling level effects, main effects only are presented in the tables, with results of any significant interactions given in the text. Error bars for the graphs were computed from the appropriate denominator mean square from the ANOVA test.
The ANOVA for the assemblage development experiments (and for Growth Expt 3: see next subsection) was partly nested, or split-plot, with the presence of absence of worms on pilings ('clearing', 2 levels, fixed), pilings nested within 'clearing', and 'plate type' as the within-plot factor (3 levels, fixed). Two planned comparisons, each with 1 df, tested hypotheses (described above) about differences among plate treatments in each experiment. Note that the large number of statistical tests (165: see Tables 1 & 2) with α = 0.05 means that it is likely that several statistically significant results occurred by chance (Type I errors).
Because there were few significant main effects in the ANOVA results for Assemblage Development Expt 2, we calculated the power of these tests. An effect size of 50% was chosen for the plate treatments, and 100% was chosen for the clearing treatment. These effect sizes reflect the smallest effects detected in previous experiments (Holloway & Keough 2002) and Assemblage Development Expt 1 (this study). Effect sizes were log-transformed prior to the calculations. Power was calculated using the Pi-Face add-in program for Microsoft Excel (R. Lenth, University of Iowa, 1996) .
Multivariate analysis of the assemblages on each plate was done using the PRIMER software package (Plymouth Marine Laboratories, Version 4.0, 1994). Non-metric multi-dimensional scaling (nMDS) was used, because other parametric techniques make restrictive assumptions about the distribution of the data. We used a Bray-Curtis similarity matrix, and plotted the ordinations separately for plate treatments and clearing treatments. Separate 1-way ANOSIM analyses were done for the clearing and plate treatments. All multivariate analyses were done on untransformed data. The stress values given on ordination plots indicate how well the 2-dimensional plot represents the multivariate relationships among sampling units (settlement panels). Values between 0.1 and 0.2 indicate a usable ordination (Clarke 1993) .
Canopy effects on growth and survival. To examine the effect of Sabella spallanzanii canopies on newly settled invertebrates, we measured the growth and survivorship of understorey species in areas with and without canopies. Newly settled sessile invertebrates were collected on 11 × 11 cm black Perspex settlement plates. Three experiments were done (hereafter referred to as Growth Expts 1, 2 and 3). For Growth Expt 1, plates were attached to PVC frames and installed on the horizontal undersides of floating docks at the St Kilda Marina for 2 wk from 5 to 19 March, 1998. These dock sections had been cleared of all fanworms. In the second and third experiments, plates were put out nearby at Breakwater Pier, Williamstown (where S. spallanzanii also occurs) for colonisation. Breakwater pier was used as an additional collection site because it experienced high rates of recruitment for a variety of sessile taxa (Keough & Raimondi 1995) . Four week old plates (15 March to 13 April) were used for Growth Expt 2, and 11 d old plates (7 to 18 May) were used for Growth Expt 3.
Plates were brought back to the laboratory following the colonisation period and kept in flowing seawater for 24 h. The positions of individuals or colonies to be used in the experiments were mapped onto sheets of paper with the aid of a dissecting microscope and a 1 cm grid placed over the plates. Individuals and colonies were also marked on the plates using a graphite pencil to circle them, allowing easier identification of colonies after the experiment. Each individual or colony was measured, and the method used depended on the species (see following subsections). The plates were returned to the field after mapping and measurements (1 d). Each plate was bolted to the centre of a larger 20 × 20 cm plate, which was then attached to a PVC tube frame on the horizontal undersides of floating docks. Each plate sat within 5 cm of the dock's underside, beneath the fanworm canopy (where present). Plates were assigned to either cleared or worm-covered dock sections (average 270 worms per m 2 ). The dock sections used were parallel branches, perpendicular to a central walkway, and were approximately 4 m apart. The worm-covered sections had an average of 270 fanworms per m 2 . Fanworms were inserted through holes drilled into backing plates used on worm-covered areas to close up the gap created in the canopy by the attachment of the 20 × 20 cm backing plate to the underside of the dock.
Growth Expt 1: The arborescent bryozoan Bugula stolonifera was the subject of the first experiment. All B. stolonifera colonies on the plates were used, giving a total of 41 colonies, with 2 to 8 colonies per plate. Three plates were assigned to each of 4 dock sections. Two of the dock sections had been cleared of all fanworms, and the remaining 2 had fanworms intact. Unfortunately, 1 replicate plate was lost, leaving 6 plates on cleared areas and only 5 on uncleared areas. For B. stolonifera, colony size was measured as the maximum number of bifurcations. This method has been used by Keough (1986) for B. neritina, and provides a rapid assessment of colony size. B. stolonifera, however, also grows by sending out runners across the substratum, which then send up new erect colonies. For B. stolonifera colonies that had grown in this way, we scored each new erect section produced as an addi-tional bifurcation of the original colony, with subsequent bifurcations of new colonies being scored also.
Growth Expt 2: We examined the growth and survivorship of the encrusting bryozoan Watersipora subtorquata. Plates had varying numbers of colonies, and a total of 62 colonies were used on 12 plates. Colonies were mapped and marked as for Expt 1. Two plates were assigned to each of 6 floating dock sections, 3 of which had been cleared, and 3 of which had fanworms intact, at the same density as in the first experiment.
The number of zooids was used as a measure of initial and final colony size.
Growth Expt 3: Thirty-six settlement plates were used, and they were assigned to plate treatments as well as to cleared versus uncleared dock sections. The 3 plate treatments used were the same as those in Assemblage Development Expt 1 (i.e. bare, mimic and fanworm-covered plates), with the aim of separating physical and biological effects on growth and survivorship. Three taxa were collected in sufficient numbers for the experiment: Watersipora subtorquata, Bugula stolonifera, and a serpulid polychaete. Animals were mapped and marked as in Growth Expt 1. One plate of each treatment was assigned to each of 12 dock sections. Half of the dock sections (selected randomly) were cleared of all fanworms. Zooids were counted for both the bryozoans, and serpulid polychaetes of the same size (aperture diameter) were chosen at the start of the experiment. A total of 103 W. subtorquata colonies, 365 serpulids and 329 B. stolonifera colonies were used in this experiment.
Analysis of growth and survivorship: Growth of arborescent bryozoans in the first experiment was calculated as the change in number of colony bifurcations. In the second and third experiments, where zooids were counted, growth was calculated as change in zooid number, standardised by the initial number of zooids (i.e. [final -initial]/initial). This standardisation eliminated any correlation between initial size and growth. Growth of serpulid polychaetes was simply the final aperture size, as all were the same size at the beginning of the experiment. Serpulids were measured using an eyepiece micrometer. Survivorship in all experiments was the proportion on each plate still alive at the end of each experiment. Animals that had died were not included in the growth analyses. To avoid the possibility of non-independence within plates, growth data were averaged for plates, and analyses done on these average values in all experiments. Thus plates were the basic units of replication in the analyses.
The results were analysed by analysis of variance (ANOVA). For Growth Expts 1 and 2, the ANOVAs were of a nested design, with 'clearing' (2 levels, fixed) and 'dock section' (random) nested within 'clearing'. For Growth Expt 3, the ANOVA was partly-nested, or split-plot. The analysis and planned comparisons are as described above for Assemblage Development Expt 1.
Where results were non-significant, we calculated the power for 'clearing' effects in all experiments, and for 'plate' effects in Expt 3. An effect size of 25% of the control (cleared) value was used for the power analyses. The effect size was based on the results of Oka- 
Assemblage Development Expt 1
The 10 wk assemblage was dominated numerically by serpulid and spirorbid polychaetes, the barnacle Balanus variegatus and the colonial ascidian Aplidium multiplicatum (Fig. 1) . A. multiplicatum and the bryozoan Schizoporella sp. were the dominant colonial space occupiers taking up about 25 and 10% of the available space respectively, with other colonial species combined taking up about 5 to 10% (Fig. 2) . The other species included various encrusting sponges, the bryozoan Watersipora subtorquata, and the colonial ascidians Botrylloides leachi and B. perspicuus. There were no significant interactions between plate and piling treatments in this experiment, therefore the effects of these 2 factors are described separately. Seven individual and 2 grouped taxa ('All bryozoans' and 'All sponges') were significantly affected by the whole-piling clearing treatment (Table 1) . Of these, 4 responded negatively to fanworms and 5 responded positively. Recruitment of 'slime sponges' and 'all sponges' were about 4 times higher on worm-covered pilings. The bivalve Anomia sp. was 3 times more abundant in the presence of fanworms, and recruitment of spirorbids and Solitary Ascidian sp. 1 were doubled on the worm-covered pilings (Fig. 1 ). In contrast, Sabellid sp. 1 was twice as abundant on cleared pilings, while Balanus variegatus, Schizoporella sp. and 'all bryozoans' were all 4 to 5 times more abundant on cleared pilings (Fig. 1) . The responses of sponges, spirorbids and barnacles are consistent with those in an earlier, 2 wk experiment at this site (Holloway & Keough 2002) .
Solitary ascidian sp. 1 was the only taxon for which significant biological effects were detected, and recruitment was slightly higher on worm relative to mimic plates (Table 1, Fig. 3 ). Although statistically significant, the magnitude of this effect was small, representing an increase from about 2 to 3 individuals per plate. Only 1 taxon demonstrated a physical effect (Spirorbids; Table 1), with recruitment on worm and mimic plates about double that on bare plates (Fig. 3) .
In contrast, results of a 2 wk experiment showed significant biological effects for sponges, serpulid polychaetes and barnacle taxa (Holloway & Keough 2002) .
Fanworms affected the area occupied by the bryozoan Schizoporella sp., causing a significant interaction between plate and clearing treatments (F interaction = 4.14. df = 2; 20. p = 0.031; Fig. 2) . The interaction was caused by a larger area of Schizoporella colonies on mimic plates attached to cleared pilings, compared to mimics on worm covered pilings. However the areas involved were only about 5 to 10% of the plate surface (Fig. 2) . The proportion of space occupied by Aplidium multiplicatum and other taxa was not affected by the presence of fanworms, nor was the total area occupied by colonial species (Table 1) . At the plate scale, there was little effect of worms or mimics on area occupied by colonial species. There was a marginally non-signif- (Table 1) . Therefore, indirect effects of Sabella spallanzanii on other sessile taxa, mediated by competition with colonial species, seem unlikely to be responsible for the observed effects on other taxa. The nMDS plots show a moderate effect of clearing on assemblage structure (Fig. 4) , but there was no discernible pattern for the effect of plate. The results of ANOSIM indicated a significant effect of clearing (global R = 0.293, p < 0.001) and no physical or biological effects at the plate level (global R = 0.054, p = 0.96).
Assemblage Development Expt 2
At the end of the 6 mo experiment, the plates were dominated by several polychaete species, including Filograna implexa, and various unidentified spirorbids (separated on the basis of tube morphology and direction of spiralling; Fig. 5 ). Unlike the 10 wk experiment, there were few large colonial organisms, and most of the available space was occupied by solitary species. A loose mat of filamentous algae and associated detritus covered about 60% of the plates' surfaces (Fig. 6) , although many sessile species were living underneath the mat. There were few effects of the experimental treatments in the 6 mo experiment despite the generally good power of the tests (Table 2) .
At the piling scale, Schizoporella sp. and the combined category of 'All bryozoans' were 4 times less abundant on cleared pilings (Table 2, Fig. 5 ). The result for 'All bryozoans' reflects that of Schizoporella sp., which was the most abundant species. No other taxa were significantly affected by clearing, and power was high for most taxa.
At the settlement plate scale, 2 taxa ('all sponges' and Filograna implexa) had significant differences between 3 mo and bare plates, indicating an effect of Sabella spallanzanii on their abundance in the developed assemblage (Table 2 , Fig. 7 ). One taxon (Red Filamentous Alga sp. 2) showed significant differences between the 3 and 6 mo plates, indicating an effect of the canopy on this alga in the first 3 mo. Power was high for most taxa, indicating the high probability of detecting effects of the size found in the 10 wk experiment (effect size = 50%; Table 2 ). One species, Balanus variegatus, showed a significant interaction between (Fig. 8) .
Inspection of the nMDS plots (Fig. 9 ) revealed little pattern in the effect of either plate or clearing treatments on the structure of the 6 mo assemblage. ANOSIM found no effect of these treatments either ('clearing': global R = 0.060, p = 0.08; 'plate': global R = -0.011, p = 0.53). There was no effect of either clearing (global R = -0.015, p = 0.61) or plate treatments (global R = -0.015, p = 0.61) on the composition and structure of the algal assemblage.
Growth Expts 1 and 2
Bugula stolonifera grew much more rapidly on cleared than on uncleared dock sections after 2 wk (Fig. 10) , and this difference was highly significant ( tive growth under canopies (Fig. 10) , i.e. colonies shrank. Survivorship of B. stolonifera was 100% for all plates on cleared docks relative to about 70% on uncleared docks (Fig. 10) .
There was no effect of the canopy on growth of Watersipora subtorquata (Table 4 , Fig. 11 ), but the power of the experiment was low (Table 4) . Survivorship was high for both treatments (Fig. 11) , and did not differ significantly.
Growth Expt 3
Growth of serpulid polychaetes was not affected by either plate or clearing treatments, despite reasonable power. Growth of Bugula stolonifera was significantly affected by clearing treatment (Table 5 ), but in contrast to the first experiment, growth was higher under canopies than in cleared areas. 'Plate' treatments were not significant for B. stolonifera, but power was low. Watersipora subtorquata growth was not affected by clearing, but again, power was low. W. subtorquata grew more slowly in response to the physical structure on plates (Table 5 , Fig. 12 ). Interestingly there was a trend toward higher growth of all 3 species on uncleared areas (Fig. 12) .
Survivorship was high for all sessile taxa, generally above 90% for the serpulid and Bugula stolonifera, and above 80% for Watersipora subtorquata (Fig. 13) . Survivorship of serpulid polychaetes was significantly reduced underneath fanworm canopies (Table 6 , Fig. 13 ). No other treatment effects on survivorship were significant (Table 6 ).
DISCUSSION
Resident species have often been shown to affect the recruitment of new individuals into subtidal assemblages over timescales of a few weeks (Osman et al. 1989 , Osman & Whitlatch 1995a ,b, Holloway & Keough 2002 . The question of interest here is whether residents (in this case the exotic fanworm Sabella spallanzanii) that can influence recruitment over these relatively short timescales also cause differences over longer time periods.
Effects of fanworms were evident after 10 wk (Assemblage Development Expt 1) at the whole-piling Table 3 . Growth Expt 1: Bugula stolonifera. ANOVA on effect of clearing and location on growth, as measured by change in the number of bifurcations over 2 wk. Bold indicates significant difference (p < 0.05) scale, with 6 taxa more abundant beneath fanworm canopies, and 3 decreasing in abundance beneath canopies. The effects for barnacles, sponges and bryozoan species were consistent in magnitude and direction with previous experiments on recruitment over 2 wk (Holloway & Keough 2002) . There were few effects of fanworms at the settlement plate scale, suggesting that the canopy effect of Sabella spallanzanii on assemblage development may be scale-dependent. Of those plate scale effects that we did observe, 2 were biological and 1 was physical. This is in contrast to findings for recruitment over 2 wk periods in which more than a dozen taxa were affected and the majority of effects were physical (Holloway & Keough 2002 Table 6 . Growth Expt 3: survivorship. ANOVA on effect of Sabella spallanzanii canopies on survivorship of 3 sessile taxa after 4 wk. Other details as in Table 5 . Bold indicates significant difference (p < 0.05)
Indirect effects of fanworm canopies on assemblages are possible. For example, potentially competitive species like Aplidium multiplicatum and Schizoporella sp. occupied a considerable amount of the available space on the plates, and therefore may have affected the numbers of other taxa by overgrowing them or preempting space for settlement. While indirect, such effects must still be regarded as impacts of fanworms on particular species -the changes would not occur in the worm's absence. There is no way of knowing whether effects in this study were the result of direct or indirect interactions. For the 10 wk experiment there were differences in the percent cover of Schizoporella sp. between cleared and uncleared areas, but the differences were small, suggesting that this species did not mediate indirect effects of Sabella spallanzanii.
There were few effects of either clearing or plate treatments after 6 mo (Assemblage Development Expt 2), despite high power to detect changes of the size detected in the 10 wk experiment for most taxa. There were 6 statistically significant results in Table 2, which is not very different from the 4 Type I errors that might be expected across the 81 statistical tests. Other studies on the development of sessile assemblages over extended time periods have found contrasting results with regard to persistence of patterns formed by recruitment. In some cases, early recruits appear to hold the available space against later settlers (e.g. Sutherland & Karlson 1977) . In other cases, early recruits may be replaced by competitively superior species that arrive later (e.g. Dean 1981) . Several factors may be important in determining whether early assemblages are found to persist: the species involved, timing of experiments, and duration of experiments.
Whether patterns of recruitment ultimately persist or disappear may depend on the pool of available species and their properties. For example, if a species that is a superior competitor to all others is able to colonise, then that species will inevitably dominate the assemblage (e.g. Dean 1981 , Kay & Keough 1981 . Alternatively, if several species are equally competitive, and able to hold the space they occupy, then a number of outcomes or 'multiple stable points' (sensu Sutherland 1974 ) are possible, depending on which species occupies the space first (e.g. Sutherland & Karlson 1977) . So, in order to make predictions about the persistence or otherwise of recruitment patterns in fouling assemblages, it may be important to know the characteristics of the individual species involved, and how they affect recruitment of other species into the assemblage and subsequent assemblage development .
In experiments that examine the development of assemblages, the duration or sampling interval of the experiment is vitally important to the results. Differences between assemblages that are apparent over short timescales may be less important over longer periods. Glasby (1998) found that differences between plots tens of metres apart that were apparent after 6 and 10 wk had disappeared after 19 wk. found that differences in assemblages caused by different substratum materials became less apparent over time. In an investigation on the effect of marinas on assemblage development, Glasby & Underwood (1998) used 5 and 12 wk periods, and found possible small effects of marinas, but it was unclear whether such effects would be maintained over longer time periods.
There may be several reasons for the disappearance of early recruitment patterns over time. If natural spatial variation in recruitment is related to patchiness in larval supply caused by swarms of larvae (Keough 1983) , then temporal variation in the recruitment may be 'averaged out' over time as the chance that individual settlement plates will be exposed to patches of certain species becomes greater. Competition may also be responsible, as available space is filled and species start to compete with each other. If early colonists were short-lived, then natural mortality over time would reduce their abundance.
The disappearance of recruitment patterns over time raises questions about the appropriate timescales over which to examine ecological effects or impacts on sessile assemblages. If effects only manifest themselves over short periods and disappear over longer time periods, are they ecologically important or of concern when managing coastal areas for conservation? Shortterm effects may have implications for particular species under certain circumstances. For instance, shortlived, opportunistic, competitively inferior species that occur mainly in the early stages of assemblage development could be strongly affected, despite a lack of effect in the longer term.
Recruitment of different species can vary independently of one another between seasons and between the same season in different years (Keough 1983) , so patterns of assemblage development found in one year may not necessarily be repeatable in other years. For example, Sutherland & Karlson (1977) found that some distinct assemblages obtained in one year did not occur the following year. In this study, treatment effects were apparent after 10 wk but not 6 mo, which is interpreted as meaning that patterns established by early recruitment do not persist as the assemblage develops. This could, of course, be due to the experiments starting at different times. Ideally, experiments should be done over several years in all seasons to determine whether the persistence of recruitment patterns varies among seasons and years.
There was little evidence from the 6 mo experiment that Sabella spallanzanii affected established assemblages. At the plate scale, 'All sponges' and the serpulid Filograna implexa appeared to be affected by the addition of fanworms to the developed assemblage. 'All sponges' were more abundant on both 3 and 6 mo plates than on bare plates (Fig. 7) , indicating that fanworms enhanced sponge recruitment into the mature assemblage. This is consistent with our findings in previous experiments (Holloway & Keough in review) , in which fanworms increased recruitment of most sponge taxa, and also with those of others who have found sponges were good invaders of mature assemblages (Sutherland & Karlson 1977 , Kay & Keough 1981 . The abundance of F. implexa was decreased by the addition of fanworms. There were no differences between 3 and 6 mo plates, suggesting that the effect of the canopy in the latter part of the experiment was negligible.
Differences in growth and survivorship between canopy and non-canopy treatments demonstrate that canopies can affect sessile taxa post-recruitment. Sabella spallanzanii canopies had variable effects on the growth of sessile suspension feeders. In the first experiment, Bugula stolonifera grew faster on cleared pilings, as might be expected, but in the third experiment colonies under canopies experienced significantly higher growth than their counterparts in the open. The same trend was apparent for Watersipora subtorquata, although the results were not significant (Fig. 12 cf. Fig. 10 ). Several possible models for this difference in results between the 2 experiments can be proposed. For example, differences in food supply, local current conditions or water temperature could interact with canopy effects to produce different outcomes at different times. There could also be differences in the recruits that were used in the experiments. The quality of recruits may vary among locations or through time within a location. For example if food supply to parents were lower during a period, then the quality of larvae might be lower, leading to recruits that grow more slowly (e.g. Bridges 1996) . Whatever the reason for the differences, these results indicate that the effect of canopies on growth is not straightforward, and is in need of further investigation.
Slower growth under canopies, as in Growth Expt 1, is consistent with the findings of several workers who found lower growth in the presence of neighbouring suspension feeders (Buss 1981 , Okamura 1992 , Kim & Lasker 1997 . Competition for food requires that fanworms and other taxa consume the same-sized particles. Little is known about food-size selection in Sabella spallanzanii, but work on other large sabellids shows that they are capable of consuming particles between 2 and 40 µm with high efficiency (Dales 1957 , Fauchald & Jumars 1979 , Merz 1984 . Bryozoans generally consume particles less than 50 µm, and may concentrate on small flagellates around 10 µm (Winston 1977) , and serpulids probably feed over a similar particle size range to sabellids (Dales 1957) , so dietary overlap is likely to be quite considerable.
Faster growth beneath canopies, as in Growth Expt 3, is more difficult to explain. Explanations for this phenomenon for bivalves in seagrass canopies suggest that much of their food is derived from algal material resuspended from the substratum (Ambrose & Irlandi 1992 , Judge et al. 1993 . Use of resuspended material is an unlikely mechanism for this study, as experiments were done on downward-facing plates, but it is possible that some form of substratum-derived food source could enhance growth beneath Sabella spallanzanii canopies. It is also possible that modifications to the hydrodynamic regime caused by S. spallanzanii canopies would enhance the feeding of suspension feeders under certain circumstances. Okamura (1984 Okamura ( , 1985 found that for both an arborescent and an encrusting bryozoan, feeding rate increased when the ambient flow rates were decreased from 10-12 cm s -1 to 1-2 cm s -1 in the laboratory. Thus, during periods of high flow or rough weather in the field, S. spallanzanii canopies may be beneficial to the growth of bryozoans by moderating ambient water movement.
Canopies reduced survivorship of sessile taxa on 2 occasions. Survivorship of Bugula stolonifera was lower under canopies in Growth Expt 1, and lower for serpulids in Growth Expt 3. The result for B. stolonifera could be related to food supply, as growth was also lower underneath the canopy in Growth Expt 1. For serpulids, lower survival under the canopy could have been due to lower food supply, but this seems unlikely because there was no difference in growth between cleared and uncleared areas. An alternative explanation for lower survivorship beneath canopies could be increased risk of predation. Fanworms and mimics add structural complexity to the habitat, and this has been shown to increase the abundances of mobile taxa including predatory species (Dean 1981) . No motile species were observed on the plates, but they could have been lost during handling.
Differences in growth and survivorship between canopy and non-canopy demonstrates that canopies can have potentially important effects on sessile taxa postrecruitment. Differences in species abundances therefore could have been due to either differential recruitment to canopy versus non-canopy areas, or by differential post-recruitment survivorship in the different areas. This is interesting in light of the fact that there were very few differences after 6 mo. If effects of canopies are variable through time, then it is possible that effects could even out over time, which would explain the lack of clearing effects in the 6 mo experiment.
Residents of sessile assemblages are known to affect the recruitment of later arrivals (Osman et al. 1989 , Osman & Whitlatch 1995a , Holloway & Keough 2002 . However, effects of Sabella spallanzanii canopies of the type observed over 2 and 10 wk periods were not found after 6 mo. This may mean that the effects of S. spallanzanii canopies patterns formed early on in the development of this epifaunal assemblage do not persist for more than a few mo. Alternatively, a different assemblage, less susceptible to the effects of S. spallanzanii, may have developed in the 6 mo experiment. The disappearance of apparent impacts after an extended period of time has implications for studies on the ecological effects of exotic species. Observations made over short time periods may not be a reliable indication of longer-term changes, especially in other systems involving very long-lived species (e.g. forests). Further, if alternative assemblage states are possible, then the results of some experiments (on a subset of assemblage states) cannot be generalised to other states, times, or places. Overall, it appears that the impacts of this species on the understorey assemblage may not actually be as great as predicted from shorter-term experiments. In terms of management, such information could be incorporated into risk assessments dealing with this species. We caution, however, that other impacts could possibly emerge later on as assemblages develop further, and that impacts other than those examined here (e.g. effects on nutrient cycles) may occur.
